Oxygen and nitrogen introduced in three Ni-Cr alloy castings were significantly varied according to both different alloys and different melting methods. The arc melting in Ar blow caused significant increases in the amounts of oxygen and nitrogen uptake, which were influenced by alloy composition. The severe gas absorption by the arc melting in Ar blow resulted in the marked occurrence of porosity in the castings of the alloy containing lesser amounts of Cr, Si and/or Mn. No significant variations in hardness of the castings were found due to the differences in melting methods.
INTRODUCTION
A most troublesome problem in melting metals for casting is that molten metals readily absorb gases such as oxygen, nitrogen and hydrogen.
On solidification of metals, the dissolved gases may appear as gas porosities or be introduced either as solute atoms or components of some compounds with certain elements in metals. Such gas porosities in the casting are largely responsible for lowering the tensile properties of the casting1-4). If the compounds are trapped into the alloy as nonmetallic inclusions, they will also decrease the strength of the alloy.
In addition, the introduction of solute atoms and formation of compounds may cause certain changes in alloy composition and in turn some of its properties5). The amount of uptake of these detrimental gases forming gaseous or nonmetallic inclusions probably varies considerably depending upon alloy composition and casting condition.
Needless to say, it is desirable for both gaseous and nonmetallic inclusions in the casting to be minimized for the soundness of the casting.
Recently, casting Ni-Cr alloys have become to be used for crown, bridge and porcelainfused-to-metal restorations.
Their melting temperature ranges are generally several hundred degrees higher than those of precious metal alloys.
For melting these Ni-Cr alloys, several types of melting methods are available: the methods by various types of high-temperature casting machines equipped with a heating source such as either a high frequency induction or an arc, and the method by urban gas-or propane gas-oxygen flame with a blowtorch.
Some of such casting machines are supplied with Ar gas to cover and protect the melt from oxidation and other detrimental effects. It is probable that the use of these different methods for melting the Ni-Cr alloys may cause resulting variations in gas dissolution in the melt, having important influences on the formation of gaseous and nonmetallic inlcusions in the casting.
So far, some investigations on internal defects, especially porosities in Ni-Cr castings have been made mainly with respect to various casting conditions and methods6-9). However, there are very few detailed investigations on the elements forming gaseous and nonmetallic inclusions in precious alloy castings10,11) and much less for nonprecious alloys. In this study, oxygen and nitrogen uptake in three dental Ni-Cr alloys and pure Ni cast by five different melting methods were determined to compare melting methods in term of gas absorption. In addition, their effects on the casting were examined by means of hardness measurement and metallographical observation.
MATERIALS AND METHODS
The Ni-Cr alloys used in this experiment are listed in Table 1 with their compositions published by the manufacturers. They are available for crown and bridge in Japan. Highpurity Ni(>99.7%) was also used as a control. Table  3 . Variation of oxygen content in three Ni-Cr alloy castings due to the five different melting methods is shown in Fig. 1 . The analysis of variance and t-test for the oxygen content showed that there were significant differences among the different alloys (p<0.01) and the different melting methods (p<0.01).
Also the statistical interaction was found between the two factors, alloy and melting method (p<0.01). The content of oxygen was signifi- cantly lower in SUS than in the other two alloys (p<0.01). As for melting, a significantly higher value of oxygen uptake was detected in the arc/Ar-atm melting than when the alloy was melted by the other methods (p<0.01), while those other melting methods showed no significant differences from each other (p>0.05). Figure 2 shows the variation in nitrogen. The induction/Ar-atm melting had the lowest nitrogen uptake and the arc/Ar-blow melting the highest with significant differences from the other methods (p<0.01). There were also significant differences in nitrogen content among the alloys (p<0.01).
Differing from oxygen, the highest amount of nitrogen was detected in SUS and the lowest in SNS except for the arc/Ar-blow melting. Although the nitrogen uptake was about half the oxygen in SS and SNS, the former became twice as much as the latter in SUS by any melting method. Figure 3 shows the contents of oxygen and nitrogen in pure Ni melted by four melting methods. The gas/oxygen blowtorch could not be utilized for pure Ni because it was quite difficult to determine the best time for casting. The oxygen content varied in an extremely wide range of 40 to 2,820ppm by altering the melting method. However, nitrogen was less than about 30ppm in any case although significant differences were also found among the melting methods (p<0.01). The induction/air melting showed the highest value for oxygen, and the arc/Ar-blow melting for nitrogen. Figure 4 shows several typical forms of porosities observed in the castings. On the cross section of pure Ni melted by Arc/Ar-blow, numerous large roundish porosities as shown in Fig. 4 (a) were uniformly distributed throughout the section. The roundish but somewhat irregular porosities also occurred in SS (Fig. 4(b) ) and SNS (Fig. 4(c) ) when arc/Ar-blow was used. In SNS, furthermore, many interdendritic porosities were observed as in Fig. 4(d) . The SUS casting showed a few interdendritic porosities only near the reservoir-casting junction as seen in Fig. 4(e) .
On the other hand, in the castings of all alloys melted by induction/Ar-atm, neither roundish porosities nor interdendritic porosities could be observed. However, a very small number of pinholes shown in Fig. 4(f) were present in the castings of pure Ni and all the alloys tested. Table 4 lists the hardness of the castings obtained by different melting methods. In all the alloys, the casting by the induction/Ar-atm melting tended to show a slightly higher value of hardness as compared with those by the other melting methods, but no statistical differences were found (p>0.05). In the case of pure Ni, on the contrary, the induction/ Ar-atm melting induced lower hardness of the casting than the others with significant differences (p<0.01). 
